The facultative anaerobe, Klebsiella pneumoniae, fixes nitrogen only under anaerobic growth conditions (12) . Klucas (8) reported nitrogen fixation by Klebsiella in batch and continuous cultures at dissolved oxygen tensions below 3 and 10 mm of Hg, respectively. The medium, however, was supplemented with 0.1% yeast extract, and Klucas (8) raised the possibility that the cells' respiration may have reduced the dissolved oxygen tension until the level was compatible for nitrogenase biosynthesis. Such a respiratory mechanism for 02 scavenging was proposed in the aerobic nitrogen-fixing bacteria (2, 13) . The site or sites that protect nitrogenase of Azotobacter vinelandii from 02 inactivation in vivo are sensitive to sodium azide and 2,4-dinitrophenol (16) .
Component I (Fe-Mo protein) and component II (Fe protein) of nitrogenase from K. pneumoniae are irreversibly inactivated by air (4) . Oxygen may prevent aerobic nitrogen fixation simply by inactivating newly synthesized nitrogenase. Such a crude mechanism of control is plausible but seems wasteful. It is also possible that oxygen, like ammonia, has a regulatory function in repressing the synthesis of nitrogenase in K. pneumoniae. Such a regulatory mechanism would provide a selective advantage to the cell by conserving energy that would be wasted in producing inactive nitrogenase. In this paper, we present data on the effect of aeration on nitrogenase synthesis and activity in K. pneumoniae.
MATERIALS AND METHODS K. pneumoniae strain M5al was obtained from P. W. Wilson. Medium described by Yoch and Pengra (19) was used as the basal medium. Cells were grown anaerobically to mid-exponential phase at 30 C in 250 ml of medium containing 400 gg of N per ml as ammonium acetate. Cells were then centrifuged and suspended in 250 ml of nitrogen-free medium. After incubating the culture for 1.5 h anaerobically, 0.4 mM L-serine was added, and the cells were incubated for an additional 4.5 h to allow derepression of nitrogen- 
RESULTS
When K. pneumoniae is grown anaerobically to mid-exponential phase in a medium containing excess NH4+, no nitrogenase is detected. When such cells are harvested by centrifugation at 10,000 x g for 10 min at 4 C and resuspended in nitrogen-free medium under anaerobic conditions, active nitrogenase begins to be synthesized several hours later. Addition of 0.4 mM L-serine 1.5 h after the cells have been incubated anaerobically in nitrogen-free medium shortens the time required for nitrogenase derepression. The specific activity doubling time of nitrogenase synthesis in the presence of L-serine is approximately 45 min (Fig. 1) . If cells grown anaerobically in a medium containing NH,+ are suspended in nitrogen-free medium (with or without L-serine) and shaken aerobically in baffled flasks, not a trace of component activity is seen (Fig. 1) rate greater than component synthesis, the components will not be detected. The effect of oxygen on preformed nitrogenase in vivo was studied by transferring an actively nitrogen-fixing culture from anaerobic to aerobic growth conditions. Cultures (250 ml) growing anaerobically were rapidly shaken in baffled 1-liter sidearm flasks. L-Serine (0.4 mM) was added to one set of aerobically treated cultures. Samples were taken at specified times following the switch to aerobic growth conditions. Cells were centrifuged at 10,000 x g for 10 min at 4 C and resuspended in 0.025 M Tris-hydrochloride, pH 7.4, followed by centrifugation. The pellet was suspended in 10 vol (based on wet weight of pellet) of degassed 25% sucrose in 0.1 Trishydrochloride buffer, pH 8.0, containing 0.0025 M ethylenediaminetetraacetic acid and 1 mg of lysozyme per ml. This cell suspension was incubated for 1 h under He atmosphere on a rotary shaker at 30 C. The cell suspension was then centrifuged at 10,000 x g for 10 min, and the supernatant solution was discarded. The spheroplasts formed by lysozyme treatment were lysed anaerobically by rapidly shaking the cells with 4 vol (based on wet weight of pellet) of degassed 0.025 M Tris-hydrochloride, pH 7.4, containing 100 jg of deoxyribonuclease per ml and 0.3 mg of Na2S204 per ml. The lysed cell suspension was incubated at 30 C for 30 min and then centrifuged at 10,000 x g for 1 h to remove cell debris. The extract was transferred anaerobically to a stoppered serum vial containing He atmosphere, and the extracts were ST. JOHN, SHAH, AND BRILL titrated with purified components to quantitate the amount of components I and II in the extracts. Figure 2 shows the effect of aeration of cells derepressed in nitrogen-free medium. Cultures retained 60% of component II activity and only about 10% of component I activity after 0.5 h of shaking in the air. These results are surprising since Eady et al. (4) showed that component II in this organism is much more 02-labile in vitro than component I. The greater lability of component I also is observed when cross-reacting material is measured by immunoelectrophoresis. Component I cross-reacting material and component I activity are lost rapidly upon exposure of the cultures to air, whereas component II crosss-reacting material is lost at a slower rate than component II activity. Approximately 50% of component II crosss-reacting material is lost in 1.5 h. The same results also were observed whether or not L-serine was present.
Perhaps the degradation rate is greater during the early stages of derepression rather than after the maximal rate of nitrogenase synthesis is achieved. Cells were derepressed anerobically as in Fig. 1 , but the cultures were aerated when nitrogenase activity was just beginning to appear (about 1 to 1.5% of activity found in fully derepressed cells). Figure 3 shows that the rates of loss of component activity and cross-reacting material are about the same in these cultures as in fully derepressed cells aerated under identical conditions.
To determine if component synthesis was also occurring during inactivation by aeration, we added 100 ,ug of chloramphenicol per ml to the medium at the time of aeration. There was no effect on the rate of loss of activity or crossreacting material of either component. Phenylmethane sulfonyl fluoride is known to inhibit in vivo protease activity in nitrogenstarved Escherichia coli (14) , an organism related to K. pneumoniae. We used this inhibitor to determine whether similar protease activity is responsible for component degradation in nitrogen-starved, aerated K. pneumoniae. When phenylmethane sulfonyl fluoride (1 mM) is added, there is no effect on the rate of loss of component activity or cross-reacting material during aeration.
DISCUSSION
These results indicate that aeration of cultures of K. pneumoniae somehow represses nitrogenase synthesis. Component II is lost aerobically in vivo at a rate slower than the rate of component synthesis during anaerobic dere- new proteins produced in response to aeration (cytochromes, etc.), because chloramphenicol has no effect on repression by aeration. It has been established previously (11) that NH,+ also represses the formation of nitrogenase and that molybdenum seems to be required for induction of both nitrogenase components (1) . Ammonium repression occurs by preventing messenger ribonucleic acid synthesis (18) . Nitrogen gas does not seem to be required for induction of nitrogenase (11) . The controls of repression by 02 and NH,+ and induction by Mo indicate that nitrogenase synthesis is a complex process. We are presently mapping genes involved with nitrogenase structure and control in K. pneumoniae to gain an insight into the mechanism by which nitrogenase is controlled in this organism. It might be possible to obtain mutants that produce inactive components in aerated nitrogen-free media. These mutant strains would be analogous to those mutants of A. vinelandii that have escaped repression by NH.+ (6) .
An interesting observation is that component I cross-reacting material is lost rapidly after aeration. Active degradation of this component may be occurring because the antiserum reacts strongly with 02-inactivated purified component I (unpublished data). Perhaps 02-inactivated component I has a conformation that is readily degraded by a proteolytic action that is not inhibited by phenylmethane sulfonyl fluoride. It is possible that this proteolysis is activated by aeration. It also is possible that 02-inactivated component I may be in a form that is centrifuged out with the cell debris.
